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Abstract
Borrelia burgdorferi (B. burgdorferi) is a Lyme Disease causing pathogen that is
transmitted via tick-bite by blacklegged (deer) ticks (Ixodes scapularis). These ticks tend
choose hosts such as rabbits and mice to feed on, sometimes transmitting harmful
pathogens to these animals such as B. burgdorferi, which cycles between rodents and large
animals to complete its enzootic cycle. Humans are accidental dead-end hosts for B.
burgdorferi. Those infected with B. burgdorferi can develop Lyme Disease, which includes
symptoms such as neurological, cardiac, and joint-related complications which are
exacerbated by increased feeding time on the host1. Due to the many negative affects Lyme
Disease can have on humans, there is a need for medicinal options that could prevent the
accumulation of the bacteria at the tick bite site or inhibit the ability of ticks to feed on the
human host. We rationalize that a human skin model to study tick-human skin interactions
and possible therapeutic screening is needed as there are currently no cost-effective or
high-throughput options.
Our in vitro generated skin rafts will enable us to study tick feeding habits and B. burgdorferi
transmission comparable to use of in vivo animal models, but more applicable to human
infection. We hypothesize that, as B. burgdorferi-positive ticks feed on the rafts, they
will transmit the bacteria into the epidermal layer which can later be extracted and
quantified. Once these skin rafts have been optimized for maximal tick feeding and B.
burgdorferi transmission, they can then be used in high-throughput experiments to find
therapies that could modify the bacteria or tick interactions with the host and prevent
development of Lyme Disease

Introduction
Skins rafts were prepared by using rat tail collagen with embedded NIH-3T3 fibroblasts
topped with HACAT keratinocytes as done previously2. HACAT-specific growth media was
added to the top and bottom of the well for 2-3 days to ensure confluency. The media on the
top of the well, only, was then removed to create an air-surface interface for HACAT
differentiation and stratification for 15 days. Washed human blood replaces the media
beneath the well and ticks are placed on the raft to begin feeding experiments. Currently,
we can show attachment of nymphs to the rafts, but it is not completely obvious whether
they are feeding to engorgement. In many of the rafts, nymph hypostomes have been
apparent which is an indication of proper feeding. When attachment and engorgement rates
are optimized, the model can be used for high-throughput screening of anti-tick
factors, antibiotics, or studying the vector pathway interactions with immune cells
that can be embedded into the collagen layer. Our main goals this summer were to 1)
test varying biological and environmental conditions to increase tick attachment and feeding
on the rafts and 2) optimization of the DNA extraction protocol and detection of low amounts
of bacterial, tick, and human DNA from complex tissues (e.g. skin, ticks). We screened
multiple DNA extraction kits and primer sets to verify the model’s effectiveness at replicating
in vivo situations. Due to the small size of nymphal ticks and the limitation of their volume
uptake amount, extraction and analysis methods must be extremely sensitive. Utilizing
endpoint PCR and quantitative PCR, B. burgdorferi-uptake has been verified in ticks which
is a step toward ensuring the validity of the model and analysis processes

Optimizing detection of tick, human, and bacterial DNA in complex samples
Testing DNA primers for endpoint PCR

Optimizing amplification from tick DNA

Optimizing tick attachment and feeding on skin rafts

Figure 5. 3D printed lids were created
to solve the issue of ticks escaping,
increasing interaction with rafts. Lids
were designed using TinkerCAD online
software and printed using the Ultimaker
S5 in the UNMC Jim and Karen Linder
Maker Studio.

Figure 1. GDPH-V1 and GDPH-V2 were found to be the optimal primers
for amplifying human DNA, while GBP-V1 and HSP68-V1 primer sets
amplified tick DNA. (Left) Human HACAT keratinocyte DNA was used as
template in PCR reactions to test human-specific primers. (Right) DNA
extracted from 3 pooled ticks were used as template to test tick-specific
primers. Extractions were done with the Dneasy Blood and Tissue kit. DNA
concentrations were determined by Nanodrop, and 1 µL DNA (~20 ng) was
used as template for PCR with Superfi II Master mix.

Detection of human and B. burgdorferi
DNA in tick fed-on skin rafts

Figure 2. Tick DNA amplification was improved by
increasing primer and DNA concentration in PCR reaction.
(Left) HSP68-V1 amplified nymph DNA sub-optimally except
for the control. (Right) The same samples were compared with
increased primer and DNA concentrations in each PCR
reaction to increase amplification. Primer volume was
increased from 2 to 4µL per reaction and the DNA volume from
1 to 2 µL per reaction, making bands more apparent in the gel.

Testing primers for quantitative PCR
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Tick Attachment Factors

Designing Lids to Prevent Escaping

Other Factors

Tested

Outcomes

Blood Source

Bovine, whole
human, & washed
blood

No difference

CO2
Concentration

0.5% & 5%

No difference

Pore Size (µm)

0.4, 3, 12

No difference

Dehydration

Hydrated &
dehydrated

No difference

Humidity

80% & 90%

Higher humidity
increases attachment

Collagen
Concentration
(mg/mL)

3.2

1.6

0.8

Deet
Concentration

50%

25%

0%

10%

Attachment Rate

7/31

4/26

2/14

Attachment
Rate

3/15

1/10

2/13

6/43

Figure 6. Tick feeding conditions. The ticks were fed on
3.2mg/mL collagen skin rafts on 3µm trans-wells in a
37ºC, 5% CO2, 90% humidity incubator. Washed human
blood was changed out daily and 25% DEET was on lids.

Conclusion
• We optimized amplification and quantify concentration for tick, human, and B. Burgdorferi DNA
through endpoint and quantitative PCR methods by selecting ideal primers and increasing template
DNA and primer concentrations.
• With DNA detection, we tested various tick habits such as human blood uptake, B. Burgdorferi transfer
to skin and blood, and B. Burgdorferi uptake from blood.
• Tick attachment rates were increased by creating lids for tick inserts to keep ticks from escaping.
• DEET concentrations on lids were varied to limit movement of ticks while not interrupting feeding.
• Collagen concentrations in the rafts were varied to enable easier fluid uptake by ticks.

Future Directions
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Mouthpart separation
with hypostome
implantation into skin raft

Figure 3. GPDH-V1 primer detected human DNA in
all skin samples, while bFtsH-V2 primer did not
detect B. burgdorferi (B.b.) DNA in skin rafts.
Endpoint PCR was used to detect both human and
B.b. in the skin. If bFtsH-V2 primers had amplified from
rafts, this would verify that nymphs transmitted B.b. to
the skin during feeding. Skin raft DNA was extracted
with Dneasy B&T kit and verified by Nanodrop.

• Optimization of this model can help create high throughput models for development of topical or
injectable medications that target B. Burgdorferi and lower the risk of developing Lyme Disease.
• Addition of different cell types, such as endothelial, will increase the complexity of the model to enable
more efficient feeding and further mimic an in vivo environment.
• Further testing of DEET concentrations may be needed for optimal attachment without completely
inhibiting tick Haller’s organ.
• Other tick species and tick-borne pathogens could be tested in this model to develop therapeutics
against other diseases, such as Rocky Mountain Spotted Fever.
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